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Figure S1. Simulation results in terms of 95% CIs for sea surface displacement. The uncer-
tainty is noticeably larger in the southern part of the source region due to less sensor coverage.
High variability in uncertainty for neighboring patches is due to a multi-modal posterior for some
patches (see Fig. S2).
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Figure S2. Simulation results in terms of marginal distributions for sea surface displacement
for (top) x =1–8 and y =1–8, and (bottom) x =1–8 and y =9–16.
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Figure S3. Data covariance matrix estimates for the Japan tsunami data. Note that while
these matrices are applied in the inversion, we apply a magnitude scaling for each station which
is an unknown in the inversion. This scaling reduces the dependence on the assumption of
uncorrelated errors in the initial inversion.
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Figure S4. Examination of Gaussianity of data residuals for the most probable model.
Marginal distributions for standardized data residuals in units of standard deviation (gray) are
shown and compared to an analytic normal distribution and unstandardized residuals (red). The
residuals are similar to a normal distribution and the application of the data covariance estimate
does not significantly change the distribution.
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Figure S5. Examination of randomness of data residuals for the most probable model.
Comparison of autocorrelation functions for standardized (black) and unstandardized residuals
(gray). The standardized functions are more peaked, indicating that the residuals are more
random which, in turn, means that the data covariance matrix estimates account for significant
parts of the correlations.
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Figure S6. Marginal distributions of (a) the logarithm of the likelihood and (b) the number
of wavelet coefficients for 4 non-overlapping sections of the chain. No significant change in the
marginals indicates that convergence has been reached.
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Figure S7. Cumulative incremental sea surface displacement evolution from 30–210 s for the
posterior median displacement and rupture velocity.
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Figure S8. Observed Japan tsunami waveforms (blue) and range of data predictions (red) for
an inversion with 30-km source discretization. Data predictions for a linear inversion are also
shown (dashed). Note that data fit is substantially degraded compared to the 15-km discretiza-
tion. The linear inversion applied smoothing which is uniform across the model and produces an
inferior fit to the data.
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Figure S9. Japan tsunami source in terms of (a) posterior mean displacement and (b) 95%
CIs for 30-km source discretization. The displacement is a crude approximation of that for the
15-km source discretization with significantly less detail, suggesting that the data have spatial
resolution ability below 30-km. In particular, the 30-km results lack resolution of displacement
near the trench. The source complexity (c) is parsimoniously captured by ∼70–90 coefficients
(the maximum possible number of coefficients is 128).
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Figure S10. Japan tsunami results (30-km source) in terms of marginal distributions for sea
surface displacement for (top) x =1–8 and y =1–8, and (bottom) x =1–8 and y =9–16.
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Figure S11. Observed Japan tsunami waveforms (blue) and range of data predictions (red)
for an inversion with 15-km source discretization and Gaussian basis functions (as opposed to
cosine tapered basis used in our work). Note that data fit is substantially degraded compared to
the 15-km cosine tapered basis. This is consistent with the intrinsic smoothing that a Gaussian
basis applies.
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Figure S12. Japan tsunami source in terms of posterior mean displacement for 15-km source
discretization with Gaussian basis: (a) The actual inversion parameters (without application of
the effect of the Gaussian basis) appear unconstrained in many parts of the source region. (b)
Once the effect of the Gaussian basis is added, the source appears smooth. However the amount
of smoothing introduced by the basis is ad-hoc and difficult to justify when studying the spatial
pattern of the source is of interest.D R A F T March 16, 2016, 2:57pm D R A F T
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Figure S13. Japan tsunami source with 15-km cosine basis: Marginal distributions for sea
surface displacement for (top) x =1–8 and y =1–8, and (bottom) x =1–8 and y =9–16.
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Figure S14. Japan tsunami source with 15-km cosine basis: Marginal distributions for sea
surface displacement for (top) x =1–8 and y =17–24, and (bottom) x =1–8 and y =25–32.
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Figure S15. Japan tsunami source with 15-km cosine basis: Marginal distributions for sea
surface displacement for (top) x =9–16 and y =1–8, and (bottom) x =9–16 and y =9–16.
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Figure S16. Japan tsunami source with 15-km cosine basis: Marginal distributions for sea
surface displacement for (top) x =9–16 and y =17–24, and (bottom) x =9–16 and y =25–
32. Uncertainties are generally larger in the southern part of the model and some faults show
significant nonlinear shapes.
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Figure S17. Comparison of (a) our source results with (b) the source estimate of Saito et
al. (2011). The yellow contour lines in (b) are for our result with 1-m spacing and dashed lines
represent negative displacement.
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